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Abstract 
China is in the process of rapid urbanization, and wise land use is critical to the long-
term sustainability of Chinese cities. Promotion of a compact city is typically believed 
to be a helpful for sustainable land use management. However, given the fact that 
Chinese cities are characterized by high population densities, the applicability of a more 
compact solution to expanding cities in China remains questionable; there is little 
evidence to support the many claims in its favor. In seeking to provide empirical data to 
explore the application of compact city theory in China, one of the key problems 
researchers face is the task of measuring the urban compactness, in order to objectively 
investigate the current characteristics of urban compactness.  
To meet this need, indices were developed for measuring the urban land use 
compactness, by which the spatial distribution characteristics of urban land use 
compactness were identified and applied to the Chaoyang district of Beijing. The 
following conclusions can be made: (1) Comprehensive land use compactness in 
Chaoyang district has increased during the period 2001-2007, especially the population 
density; (2) the spatial distribution of land use compactness has the characteristics of a 
ring structure, which shows a decreasing trend with its distance to the city center; (3) 
there is a strong positive correlation between urban land use compactness and location. 
The better the location is, the higher the land use compactness is 
Keywords: Urban land use compactness, measurement indices, Chaoyang district 
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1. Introduction 
The future form of cities and the role of land use planning in guiding their development 
are of particular concern for policy makers at inter-governmental, national government 
and local government levels (Jenks et al., 1996). This debate on urban form has 
intensified since the early 1990s, particularly after the Commission of European 
Communities (CEC) published their "Green Paper on the Urban environment" (1990) 
(Morrison, 1998). The concept of a compact city has been proposed as a sustainable 
urban form by the CEC, which can save resources and energy, and revitalize an inner 
city, etc. Since then, promotion of the compact city approach has been enshrined in 
land-use planning policy in developed countries (mostly in Europe). In Britain, compact 
city policy focused on redeveloping existing buildings at higher densities and increasing 
the “activity density” of buildings through programs such as “living above the shop” to 
ensure a more efficient use of existing buildings (Williams et. al. 1996). Moreover, the 
British central government developed an urban development policy clearly favoring 
urban intensification, in the report Sustainable Development: The UK Strategy, which 
states: ‘The Government’s objective for 2012 is to continue to make the best use of the 
land resource by maximizing the use for development of urban land, especially where it 
is vacant, derelict or contaminated land, and protecting the open countryside and open 
land of importance in urban areas’ (cited in Williams et. al., 1996: 85). 
As identified above, the compact city policy was fairly well developed and 
implemented in Britain. However, there is little literature considering the 
implementation of compact city policy in developing countries, where more than two-
thirds of worlds’ population is settled. In the meantime, most cities in developing 
countries are characterized by high population densities, the applicability of a more 
compact solution to these cities remains questionable; there is little evidence to support 
the many claims in its favor. In seeking to provide empirical data to explore the 
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application of compact city theory in developing countries, one of the key problems 
researchers face is the task of measuring the urban compactness, which the current 
characteristic of urban compactness can be investigated clearly. 
At present, urban researchers have been increasing efforts to study and measure 
urban compactness. Burton (2002) first developed a set of indicators to measure urban 
compactness in UK towns and cities. In her research, a compact city has been described 
according to three classifications: high-density city, mixed-use city, and intensified city. 
Large sets of indicators have been developed for demonstrating compactness variables 
(details refer to Burton, 2002). Tsai (2005) proposed four quantitative variables to 
measure urban form at the metropolitan level, and found out that the global Moran 
coefficient can distinguish compactness from sprawl through a series of simulation 
analyses with global Moran, Geary, and Gini coefficients. Turskis (2006) evaluated and 
calculated the rate of urban compactness with GIS and Bayesian rules. Five indicators 
were proposed to evaluate factors of population density, evenness of population 
distribution, population proximity to working places, population proximity to public 
amenities, and density of public transport network. Fang and Qi (2008) proposed the 
definition of urban agglomerations compactness and divided it into three aspects: urban 
agglomeration industry compactness, urban agglomeration spatial compactness, and 
urban agglomeration traffic compactness. From these studies, one sees that measuring 
urban compactness focused on the total city or between cities. There is little literature to 
study spatial distribution characteristics of urban inner compactness from the 
perspective of land use. In the meantime, some indicators above may not be appropriate 
for Chinese cities as they were proposed for the urbanization of western countries. And, 
some indicators cannot be used because of the data shortage such as employment 
density indicator. Therefore, this study attempts to investigate a city’s spatial, internal 
distribution from the perspective of land use through adopting the measurement indices 
of land use compactness.  
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China is in the process of rapid urbanization and land saving is critical to the long-
term sustainability of Chinese cities. Promotion of compact city is helpful for the land 
use sustainability (Chen et al., 2008). Thus, Chaoyang district, the largest and most 
densely populated urban district of Beijing City, was chosen as study area, which urban 
compactness has not yet been empirically measured or characterized. Investigating this 
spatial phenomenon in this district with a limited land resource, but a relatively high 
population density, in contrast to the situation in most other European cities, may lead 
to new insights about the phenomenon. On the more practical level, measuring 
compactness in the Chaoyang district is crucial to the better management of its land 
resources.  
Thus, this paper is organized as follows. Section 2 gives working definitions of 
urban land use compactness with relevant literature references. Section 3 briefly 
introduces the study area, data and methods. The measurement results are presented and 
analyzed in Section 4. Section 5 summarizes the findings of this study. 
2. Defining Urban Land Use Compactness 
Until recently there was not a clear, accurate, and quantitative definition of urban 
compactness because current research focuses more broadly on the sustainable 
development debate and the consequent translation into policy and practice at the local 
national and international levels. Therefore, definitions for the research were developed 
in line with understanding of the concept within this context (Burton, 2002). 
The most common definition of compactness was given by Breheny (1997), who 
concluded that a compact city typically promotes urban regeneration, the revitalization 
of town centers, restraint on development in rural areas, higher densities, mixed use 
development, promotion of public transport, and the concentration of urban 
development at public transport nodes. A “Green Paper on the Urban Environment” 
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which was published by the Commission of European Communities (CEC,1990) 
proposed that “compact city” would be modeled on “the old traditional life of the 
European City, stressing density, multiple use, social and cultural diversity” 
(Morrison,1998). The proposal of the “compact city” concept was to avoid the continuous 
extension of city boundaries escaping from the current cities’ problems, and tried to be 
resolved within the boundaries of existing urban problems (Thomas et al., 2004). Ewing 
(1997) considered that the meaning of compact is the aggregation of work and 
residential place including the mixed-use of land function. Anderson et al. (1996) 
considered that monocentric and polycentric city form both can be thought as compact 
form. Burton (2002) identified the compact city into three aspects: a high-density city, a 
mixed-use city and an intensified city. Gordon and Richardson (1997) defined 
compactness as a spatial pattern oriented downtown or central city with high density. 
From the above definitions, we can find that compactness was defined from urban 
patterns, characteristics, and functions, etc. This paper summarizes the conceptual 
definition of compactness based on three dimensions of land use pattern: spatial 
carrying capacity, spatial function, and spatial form. Compactness of spatial 
carrying capacity means high density of population and built-up land which is seen to 
be an essential component of a compact city. It is claimed that high residential densities 
may reduce car travel by increasing the range of opportunities that can be accessed 
within convenient walking or mass transit time (Burton, 2002). Compactness of spatial 
function refers to mix land use which the city can be a functional organism through 
different city function elements’ interaction and interrelation. It is claimed that mixed 
land use may reduce commuting by increasing the functions’ interaction and 
interrelation. Spatial form compactness refers to adopting the suitable land use pattern 
which can fit for urban scales. It is claimed that monocentric and polycentric city form 
both can be thought as compact form (Anderson et al., 1996). Thus, the next 
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measurement indicator systems of land use compactness are based on the defining of 
land use compactness (see Table 1). 
3. Data and Methodology 
 3.1 The study area 
Chaoyang District is the largest and most densely populated urban district of Beijing 
City (see Fig1) (http://bci.bjchy.gov.cn/chaoyang). It is located in east Beijing and 
covers 470.6 km2, extending 28 km from south to north and 17 km from east to west. 
The resident population is 2.585 million, 1.657 million of whom are permanent 
residents (64%). The district encompasses all types of industries and in 2000 it ranked 
among Beijing’s advanced urban districts and counties in terms of aggregate assets (900 
billion yuan). 
 Fig ͳ.The study area in Chaoyang District of Beijing, China 
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 3.2 The data 
Data sources include digitized land use maps stored in a GIS file as well as selected 
statistical data. 
(1) Land use map 
Land use maps were available for the years 2001 and 2007 in vector format from 
Beijing Land Resources Bureau. The land use map in 2001 is the result of a detailed 
land use survey, and the land use map in 2007 is the result of an annual updating 
survey. Since land use categories were changed during 2001 and 2007, we reclassified 
them into eight comparable types based on the new category system as follows: 
1) farmland (including irrigatedˉdry land and vegetable plots etc.), 
2) pasture land (including all kinds of the garden) 
3) forest land (including trees, shrubs and nursery garden etc.), 
4) water bodies (including river and pod etc.),  
5) residential areas 
6) industrial areas  
7) transportation corridors (main roads). 
8) uncultivated land 
(2) Digitized version of the transportation map  
A digitized version of the transportation map was derived from a hardcopy of 
Beijing transportation map published by China Map Press. And we only selected the 
highways, ring roads and outward transportation lines from that transportation map for 
analysis in this paper. 
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(3) Other statistical data 
Population and GDP statistical data are from the Statistical Yearbook, including total 
population and its subcategories, urban population and rural population from 2001 to 
2007.  
 3.3 Methodology 
Based on literature review we selected indicators for measuring urban land use 
compactness. In addition, we use the following methods to compute compact indices 
and explore spatial distribution characteristics of urban land use compactness. 
3.3.1 Measurement indicators  
According to compact city theory, the land use compactness can be divided into three 
dimensions (spatial carrying capacity, spatial function, and spatial form). Each 
dimension can be expressed by several indices. We also define the direction of each 
measure on the level of compactness (see Table 1). Table ͳ.  Measurement indicator systems of urban land use compactness 
Conceptual dimensions of 
compactness Variables 
Directions of impact on 
level of compactness 
Spatial carrying capacity 
Population density ˄ˇ˅ 
Built-up land density ˄ˇ˅ 
Spatial function 
Simpson diversity index ˄ˇ˅ 
Fragmentation index ˄ˇ˅ 
Spatial form 
Fractal dimension ˄ˉ˅ 
Compactness index ˄ˇ˅ 
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˄1˅population density 
                   
jj APPDI 
                          
(1) 
Where jP
 
is
 
the population of the area, and, jA  is the area of the built-up land. 
Relatively high population density means compactness, whereas low population density 
means sprawl. 
˄2˅Built-up land density 
(2) 
Where        is the pixel numbers of built-up land in the neighborhood and Ni  is the 
total numbers of pixel in the neighborhood.  
˄3˅Simpson’s diversity index 
2
1i
i1   N TAAH ＝
                         
               (3) 
Where A
i
 is the area of land use type iˈTA is the total area of land use. 
˄4˅Fragmentation index 
  %100/)1(  CNF
                               (4) 
Where N is the total numbers of every kind of patches, C is the ratio of total areas 
and the smallest patch area. High F value means high mix land use. 
 
iNHDI iNb
iNb
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˄5˅fractal dimension (Dong, 1991) 
   CrP
D
rA  )(ln2ln
                            (5) 
Where A(r) is the area of land use patch, P(r) is the perimeter of land use patch, C 
is constant, D is the fractal dimension. 
˄6˅compactness index (Xia and Gar-On Yeh, 2004)  
n
pSP
CI
jj jj jj /2
n
p 
＝                       (6) 
Where CI is compactness index, jS is the area of land use patch, jp is the perimeter of 
land use patch, n is the total numbers of all patches. High compactness index value 
means high compactness of land use form. 
3.3.2 GIS spatial analysis 
    GIS spatial analysis methods such as neighborhood analysis were used to compute 
the indices to identify the existence of urban land use compactness. And by the method 
of kriging interpolation and buffer analysis, distribution maps of urban land use 
compactness can be generated in order to explore the distribution characteristics of 
urban land use compactness. 
3.3.3 Landscape analysis 
Landscape indices such as Simpson diversity index were chosen as indices for 
measuring urban land use compactness in order to capture the characteristics of urban 
compactness.  
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4. Results 
 4.1 Comprehensive feature of urban land use compactness 
Land use compactness in Chaoyang district has increased between 2001 and 2007. 
The results of the calculations are listed in Table 2. From the spatial carrying capacity 
dimension, we can find that net population density in Chaoyang district has increased 
rapidly during this seven year period, from 5,858 to 11,314person/km2. The built-up 
land density also increased, but not so obviously. This phenomenon indicates that the 
land use intensity has improved during these seven years, in that the population in 
Chaoyang district grew more quickly than the built-up land area. The fractal dimension 
and compactness index were chosen to identify urban land use compactness from the 
exterior form of urban land use. As Table 2 shows, the fractal dimension diminished 
from 1.1110 to 1.0933, which means land use pattern in 2007 has become more 
compact than 2001. The calculation results of compactness index indicate the same 
trend. The two functional indices results both increase showing that built-up land 
became more mixed.  Table ʹ.  Calculating results of urban land use compactness in Chaoyang district of Beijing, China 
Conceptual dimension 
of compactness 
indices 2001 2007 
Spatial carrying 
capacity 
Net population density  5858 11314 
Built-up land density 0.5822 0.5829 
Spatial form Fractal dimension 1.1110 1.0933 
Compactness index 0.2357 0.2387 
Spatial function Simpson diversity index 0.9967 0.9976 
Fragmentation index 0.0959 0.1494 
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 4.2 Spatial distribution characteristics of urban land use compactness  
4.2.1 Population density  
The digital model of population in the study area of Chaoyang district from 2001 to 
2007 was generated by land use density, on which the county’s population data were 
transferred to the data based on the built-up land. Figure 2 presents the distribution of 
population density in two periods. We found that the population is highly aggregated 
within the 3rd ring road, which the population density is about 25000 people per km2. 
Outside the 3rd ring road, it decreased quickly to a population density of around 6000 
people per km2. As the figure comparing the time periods shows, the population density 
increased between the 3rd and 4th ring road, but not so obviously. Lastly, we can also 
find that the population density decreased within the 3rd ring road in seven years. 
 
 
 
 
 
  
?a?                                                        ?b?                                                     ?c? Fig ʹ. The distribution of population density in ʹͲͲͳ ȋaȌ, ʹͲͲ7 ȋbȌ, the change from ʹͲͲͳ to ʹͲͲ7 ȋc? 
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4.2.2 Built-up land density 
The distribution maps of built-up density in Chaoyang district from 2001 and 2007 
were generated with the method of neighborhood analysis. The computation of built-up 
land density gave the distribution of the high, medium and low-density built-up clusters 
in the study area. High built-up density refers to areas with clustered or more compact 
development, while medium density refers to relatively lesser compact development and 
low density refers to loosely or sparsely spread built-up areas. Figure 3 reveals that the 
more compact or highly dense built-up land composed the smallest fraction of land 
cover, and low-density was the largest cover type. An important finding that could be 
drawn out of this was that high and medium density was found all along with the county 
centers. Most of the high density was found to be within and closer to the cities centers 
particularly, near transit hubs. However, low density was also found mostly along the 
city periphery.  
We also can find that the density of built-up land decreased with distance from city 
center. As Figure 3c shows, the built-up land density showed an outward expansion 
trend and the area outside the 4th ring road increased more significantly.  But it was still 
largely in medium - low density. This phenomenon indicates that the compactness of 
built-up land in Chaoyang district has increased from 2001 to 2007, but the 
compactness of land use is not so high. 
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 Fig ͵. The distribution of horizontal density in ʹͲͲͳ ȋaȌ, ʹͲͲ7 ȋbȌ, the change from ʹͲͲͳ to ʹͲͲ7 ȋc? 
 4.3 Correlation between location and urban land use compactness 
In order to examine the relationship between location and its compactness level, we 
choose the net population index as a compactness level variable to explore the dynamic 
mechanism. Circle buffer analysis method was used to identify the location mechanism 
influencing compactness. The circle buffers were drawn with the center of Beijing city 
and the circle interval was equally 1km (see Figure 4). The figure presents the change of 
net population density with the distance from the city center between 2001 and 2007 
showing a decrease in population density with distance from the city centre.  
    
(a)                                             (b)                                             (c) 
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 Fig Ͷ. The change of population density with the distance to city centre from ʹͲͲͳ to ʹͲͲ7 
5. Conclusions  
This study examines land use compactness in Chaoyang District of Beijing from 2001 
to 2007, with the data at county level. The main conclusions are as follows. 
(1) Comprehensive land use compactness in Chaoyang district has increased during 
seven years, especially the population density. 
(2)The spatial distribution of land use compactness has the characteristics of ring 
structure, which shows decreasing trend with its distance from the city center. 
 (3) There is remarkable positive correlation between urban land use compactness and 
location. The better the location is, the higher the land use compactness is. 
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Overall, these results are consistent with other findings regarding compact city 
development.  Chaoyang District’s population is growing faster than the built-up area 
resulting in greater density, although the outer areas are nowhere near as dense as the 
inner core.  In fact, the inner core actually saw a decrease in density during the period 
from 2001 to 2007.  Further research is needed to determine if the trend toward greater 
compactness had measurable environmental or social benefits.  
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